Bacteria from water and sediment of an oil-polluted harbor were examined for ability to degrade petroleum. Water samples contained a greater variety of bacterial species capable of degrading petroleum than sediment. Cultures from both water and sediment contained Pseudomonas and Acinetobacter spp. Bacteria present in the water samples produced significantly greater degradation of 2-, 3-, 4-, and 5-ring cycloalkanes and mono-, di-, tri-, tetra-, and pentaaromatics compared with bacteria in sediment samples.
Several studies have been reported which provide an evaluation of the potential of bacteria in the marine environment for petroleum degradation. However, few studies have been done in which bacteria in the water column have been compared with sediment isolates in petroleum-degradative capability. Since oil spilled in the marine environment reaches the water column and the sediment in a shallow aquatic habitat, especially during migration of the oil (2, 5) , it is important to know the comparative biodegradative potential of the water and sediment bacteria. The objective of this study was, therefore, to examine bacteria present in the water and sediment in an oil-contaminated environment for ability to degrade petroleum.
One-hundred-milliliter portions of salts solution supplemented with nitrate and phosphate (7) in 250-ml Erlenmeyer flasks were inoculated with 1 at day 0, to determine amount of oil present at the start of the experiment, and at day 28, to quantify weathering and biodegradation. Extracts were dried over Na2SO4 and concentrated to constant weight under N2 at 80 C. Remaining total residue was tared and fractionated on ionexchange and alumina columns to yield saturate, aromatic, resin, and asphaltene fractions (3). The saturate fraction was analyzed using computerized gas-liquid chromatography and mass spectrometry, and the aromatic fraction was analyzed by computerized mass spectrometry, as described previously (8) .
Colgate Creek in Baltimore Harbor, continuously exposed to oil from accidental spills, terrestrial runoff, etc. (6), was selected as a sampling site for comparing water and sediment bacteria and petroleum degradation capability. South Louisiana crude oil was selected for study, since studies in other laboratories have been conducted using Louisiana crude oil. Hence, comparison of data from our study with work of others may provide useful information.
Bacteria in the water and sediment samples tested were found to produce comparable growth on crude oil. Bacteria in the water samples produced greater emulsification of the oil than did bacteria in the sediment samples. However, the sediment bacteria produced a lower pH (Fig. 1) .
Two Acinetobacter spp. and a Pseudomonas sp. were isolated from Colgate Creek sediment, whereas three Acinetobacter spp. and two Pseudomonas spp. were isolated from Colgate Creek water cultures.
Weathering of the total residue was found to be negligible (100.5 + 5.9% of the control), whereas the sediment and water were found to degrade approximately 32 (bottom) . Numbers for these samples correspond to replicates. Separation was accomplished using a stainless-steel column (2 mm by 1.5 m) of 3% SE-30 with 801100 Chromosorb W. Attenuation was 256 x 101, and sample volumes were 1-pi injections. All gas-liquid chromatographic tracings were recorded by using the same method.
Alkanes (CIS-C28) were found to persist after weathering, with the differences between replicates noted not significant. Differences were observed among replicates, as seen in the gasliquid chromatographic tracings of extracts of cultures inoculated with sediment, i.e., branched alkanes of CrC2o predominating in one of the replicates. Degradation of alkanes, as seen in the gas-liquid chromatographic tracings, was greatest in the case of the cultures which had received an inoculum from a water sample.
Quantitative analysis of hydrocarbons degraded by water and sediment bacteria revealed that the water-column bacteria were most effective in degrading South Louisiana crude oil (Table 2) . Weathering removed 20, 17, 19, 15, 11, 25, and 60% of the alkanes and 1-, 2-, 3-, 4-, 5-, and 6-ring cycloalkanes, respectively, in the South Louisiana crude oil. Sediment bacteria removed 75, 70, 40, 37, 24, 48, and 62% of alkanes and 1-, 2-, 3-, 4-, 5-, and 6-ring cycloalkanes, respectively, compared with 82, 75, 65, 62, 52, 65, and 72% removal of these hydrocarbons by water bacteria. Although sediment bacteria removed greater quantities of saturated hydrocarbons than occurred via weathering, water bacteria removed significantly more 2-, 3-, 4-, 5-, and 6-ring cycloalkanes than the sediment bacteria. Similarly, cycloalkanes were found to degrade to a lesser extent as the ring number increased from 1 to 4. However, as the ring number increased from 4 to 6, the cycloalkanes were observed to be more susceptible to degradation. The reason for this observation is not known at the present time.
Weathering was not found to result in removal of any of the aromatic hydrocarbons. Again, the water bacteria were found to be more effective than sediment bacteria in degrading the aromatic hydrocarbons of South Louisiana crude oil. The sediment bacteria degraded monoaromatics (11%), pentaaromatics (25%), and sulfur aromatics (9%), whereas the water-column bacteria were found to degrade 38, 52, 27, 17, and 50% of the mono-, di-, tri-, tetra-, and pentaaromatics, respectively, but not the sulfur aromatics. Thus, addition of sulfur to an aromatic hydrocarbon rendered it less susceptible to degradation. Within the classes of aromatic hydrocarbons, certain trends were observed with respect to degradation. Addition of an alicyclic ring(s) to an aromatic ring (alkylbenzenes, naphthenebenzenes, and dinaphthenebenzenes) and the position of an alicyclic ring between two aromatic rings (fluorenes) altered biodegradability of the component.
In addition, less variability among replicates was noted for samples inoculated with water compared with the sediment samples.
Several possible explanations may be offered as to why sediment bacteria are less effective in degrading the hydrocarbon components of South Louisiana crude oil than water bacteria: (i) fewer kinds of bacteria, i.e., a smaller number of species, present in the mixed culture; (ii) anaerobiosis of the sediment; (iii) utilization of nutrients in sediments by the inoculum in preference to utilization of the oil; and (iv) differences in activity of the two populations towards petroleum hydrocarbons. 
